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I HCHNICAL FIELD 

^ an ^ L; parbcuiar a piezo actuaitn. * <. s < v v , < o ] jy s j>at e! U 

afphcan>*a bcsvipbes moU e k: rnvacnn. n >,a ei akn.yrv.h nmhidayer 
component. 

BACKGROUND 

from a mixture of silver and palladium. The ceramic layers contain a ceramic based on 
lead zirconium tiianate, which has a piezoelectric effect because of its ferroektciric 
s fpertics e< so of the piezoelectric effect, the ceramic ex; ds when eke cai 
15 s < ^ n . - - ev n \> i n ' s r ^ "k : .ra\v v < > oo <. - s > , ^ 

ceramic. 

\ prv^'nt :n v 1 t ptev -ivLv/-^ t > v' vc od a. ■< an. p> v' 
continuously to one lateral lace of the base body and contact the internal electrodes. 

s \ )v < o j v\a\ 1 .a v e 
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cop i >ie c ors, til ute? electrode has the: ! s ye 

! is snii of th* er electrode f - ib h >t electrodes c< ppei 

outer decn ode and t - s„ <•.- . _ auieukac \\aseh s a-< i i<e ^ die 
ua-sd e x v wr olu e ard K ^ is. *> d 

'["his daneege to the boundary layer is aecooiparaed by a; redaetuai of die effective 
^ > v t u c ^ uou n o;,-. ocr 

A piezo actuator produced in this manner is subjected, m the course of its use, to a 
t i > >. ^ - ! s ^ Mvh ntum lead to sk >\, oj cr^.^h-N 

body and the outer electrode. Becao.se of the relatively high strength of the copper 
v < b -e v t ^ is ^ -. - ' oi the i ! e * , ^ ^ v ' Im» n , 

M ! s K l i. i v 

' ! s v ^ O v£ i ! <. >. V g^ 1 - ^ 

Summary 

the outer electrode is reduced. 
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Co;- icton 

seoena decmnk ^* > brn «f a Knci ns which at ".c i uon n; 

provided. 

At the place of the indentation, the thickness of the layer can be reduced. Thai 

is H i\ K \ l i t - c 

strength of the layer or outer electrode is reduced. Ah a result, oven relatively small 
earn «.\ eketnn m t s < uce a k 

Mi Ki ^ k x u 1 * 

<^«^oe x , s v » 1 SVC >v U 

o \ s^u u U ^ lt - . - ' s ! e v.e < » ^ ^s 

add up over a correspondingly shortened distance. 




electrode is p ion v hnora uuihi obafp h 
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indentations. 

In just the same way, however, it is also possible to design the indentation in the 
outer electrode in such a way that the outer electrode is interrupted at the location of the 
Ue < N a V a •\.si.: 1 t, e i eo Jc\ . o\u % u erah.\.'.n\i 

* Kv I v ' ^ O , - > -a . „ -■ i >s, i \<n 

has H V seK thai dec u k electrode can be > „e > .» > v a aerecu-primsng 
process. 

In an ad-v^Uag^as embodiment of the electrical multi-layer component, the outer 

, v. >«v^ IM>K . b V ' m v« O^S ^ x ! ) v<Ov<. 

s i - if ' > > Tins 

s v 1 ; ^ i i - v ' > v v sod us a pie/c .K",u< 

\ ^ v x . u\ - ,v"ar vU. I f a, th gl h; us > Ci er- v >aved 

on lead zircon ate tOarsate. 
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snis mi n s.ph iHr\nn\- marked- u f vs rmo\ 

>n No. J0/50SJ85 

, j.it u J -sal axis rejection of thes > v . ee of ike stack 

o st * <n o - < . v O" 

\ se<. s „ c ks a o*ae-s v 

contacted. 

This snea.es thai the angle stakes on a value that is other than 0 and 180' 5 . 

! \ v s hk n :J > 'Vks \ a hil v.' < i 

sia;u s has the heneik that the outer ek rock ,0, dec jfornrh t 

of areas, which means a corresponding reduction in the .max imam occurring shearing 
force. 

Furthermore, u is also possible to arrange a plurality cd herniations in sect] a way 
i ,vw >, < . oo,r;r^ s h; evnop e x;s or ^ 

point, h Is advantageous for the minimum layer thickness at the point of the indentation to 
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>e a na> mun f 75% of the layer thickness care * . s 

essentially constant 

X * s. U* v !^ 1 . O % s 

5 contains coppe* powder. 

vp; , — ^ - c - rovL n he -or > oi a scrcen-pt^ - v \s\ . .a 
that by using appropriate screen-printing masks; a reliable and uniform arrangement of 

0 ^ ^ > * W 5 Li x 

ro 

vr ap] v v o eiecrnx c 1 w oj t ol s screen x rs n )&sk oi ys 

v t's i , screen printing process, ^ U> * 1 x ^ j < the uxientations mar 
i nxni r 1 < J s s i ee v e i ssiblo to 

> > V ! v. > $M\ v. 's tc ^ ! . ^ } » i " > i 

hw s st k! o, nnkiu v 1 v s 

cvavnac, due to uc io\x \ isc op, ^sb c s v \e • pt ;«n^ sx^k rx -nu K used Is wvulJ be 
conceivable, however, to produce indentations with somber lateral extents by using a 
more sirimturauy viscous or more t.hixo tropic -vmesmnmaw paste, 

20 > - ' i s - v < . v 

s Xv „ v\ s Meps 
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Production i base body v - c \ I <. crs a nieroa 

C < . *\\VS <• _ V ( -.C< iv. - \ U f >' Ci K><>\ . v. 

base body for contacting interna! electrodes, which has lite form of a layer and in which a! 
lean mk.> nnhanan^u is greened 

b) Contacting of the outer electrode with a contact element while exerting a 
< u haul between the cuter v. ^ > « i ? i I tcrai lace m tin- aasc hv-ds 

" * v VC ^ ! x .V . <- C O' Jv i -V 

thermal expansion coefficients differ front each a u* 

The method .for proci ucingthe'multi-iaycr oh-crica'. ..co-v \ - . n^ h rabanusue 
n in spile of excrtim a she; g ioa< >ec se he ends c r 1 its < dread] 
■u = ^ > Hvlm < so f o > ceases ... ' bo o>« i w> \ 

reduced. 

Despite the use of materials adapted to theu particular tuned on with normally 

c >> v\v? a > " < etc ^xicwiO a eutao' 

element \ akr ace by sok ! ^ 



i4219.O65IjSi/?20O2.Oi34LiSN 
S, Apj nioaN 1 0/5 l ~" 

A iwi: v -ppcr ^ used m - outer c> - eg and when a 'V i\ used for 

Such higromekirsg solders have the advantage Oval they permit use of the electronic 
:> viv i re ior / pv a giexo actuator, at temperatures of up to i 5(h C, such aa occur. 

Oil -!< o . ^ % s< u ^ 5 > " * 

the - • - ' >e expiamcx eater dc eferegeg 

m 

DESCRIPTION OF THE DRAWINGS 
Figure 1 shows an example of an electric math -layer component in schematic 
cross-section. 

s "o,e 2 shows an additional embodiment of an outer electrode. 
15 Hgur: •■ s dh'temm pxuuw mMvanus v ^ m a < eatraueo-' and an 

\e o * g! h u\ 

K ^ S v. s <, „ _ v 

Figure h shows an example of an electrical multi-layer component with an 
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142 3 9.065'US I ' tOOKX; .0 ? 34USN 
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DETAILED DESCRIPTION 

• > ' V V 0\%N s s ' O \ v v 

oO:cPode> sing hcl I ) ■, > i. 

.xluatoi o, ... .-v . o * r ^ 'e>. > ho u-c as\ .^v^.'i.v. : * »_,\ , 
are thus locate e s s ei sides gure poo e lit s , 

O ' OO v , v v. < „ c v. , < s. v. ^ \ , 

> S "> s vO V } t >. Oi V ij 

j v i . v * l vn ea.; pen pnita! 

VY^Cv'vv UO: v 0'3-V.v „ v Mi > 1 0 h> i I 0 0 < - . vin 1 K ^ 

I ' > * V > v. \ 

X>0 V S.V Ot ") - / C vi > f I ^ ! tV> .i. ^ +V O ^ V P v V 

comac'Jn^ i ucuu'l ekvnodes e. The outer deeiivde ? s n do: i i l - -\ it can he seen 

v sv v h i v v i vv ^ 5 t 

layer thickness d is a nsiranuao of <. In addition, the oolet eleeOvde 5 has areas of 

v. V < <> » X v S v. v S v. V s. S V O < . V S 

\ri..o> \> v u eot. v 1 ! - 1 

' v 1 a s a ^<dtb > ::o.o o iL ! \ d .to a -„o.".-ars mmnonm ••< -a- 

when the oaier eknorode \ applied by , screen ' s . process, since otherwise the 
m e nCOO . s o- Npt-v. e\ enrdo h> 

•s ^ n v < v s o < 
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The < umuar, layer ^ o\ v in v area of indentation 6 should be no more 
thm "> o; die \\s<ii thickness, d oJ the outer deeirotie - ^ , yyu u ^ >-w .so the 
■tuoeueuof he - ^ the -mended tear point t *o u 

An additional exemplary embodiment is dosofdded sbygayt k Figure 2 There, the 
;uuer eleou'ode 5 on the intend usee d of die: base body 1 is imerrnpieu a; the point oidbe 
v c\ •> - s v e.iiiOi 

6, I ' , ciuiwinne.e. s ». ..e antaae that under a kn . baa... < ^ > , u die otaer 
electrode 5 does not u\eu< tear ordv at the ><>v on ; k mm used tea; > nnt <t 
< ul 1 i ^ % ! .vii ^ n t 1 v 0 

nl ue\ \ rennced use \ t m n I unite >) 

Ibguu 3 expkvh s , e act don interna U sg an xternal en ■ node 5 has on the 
de <. ^ v< ! ^ ei e\ n |\ 

end, the base body i of a piezo actuator as shown schema! send y in Figure 3. "due 
dellection of the piezo aetuator is represented schematically by double arrows. On the 
top aide of base body I , a continuous outer electrode 5a is shown. On the bottom of the 

v U. U <. v. v W ^ v. v. e ,\ O* 

upper (snter electrode 5a and the lower outer electrode 5b (indicated by the two double 
arrows), this m\ , On- endue slewo beam hmare 3 he v , A - e p e 



• - s \ ' N -I \ s 

, - ■> " ts t \s 

s * -,s,, i . i*.a' v s. -n 

coordinate z of base body I lor the continuous outer electrode 5a, On the other hand, 

vis. 'v v S V.S <- s ) ' 0 * 

s r.' n v > - ^ oos v v v { s c=r »:v 

> K \ ^ N s -! \ < v. i v. 

.M^VlO'uO'.O,!, \ ^ s . s ^ - » s • W 

s 1 v 1 N S ' V s >< v 

s v S \ <-v V S li ss 1 V ! v Siv ! < S 

U S ) ^ j 1 - k I 1 ^ L^- I t S U iA 

p oil e of curve II. This ss j d > - i c 

d.H'Oi'f v Uv">OC v i ^ 0.1 o 4i >,l s i I U e> ^ v o 

pulling on wires connected to the outer electrode 5b, or also by a plurality of deflections 
of the piesso actuator. 

" <> K. lis i W I O s^ s 

C U s v. 1 .v s > N - 

us s v \v 5 in 5 *- orn o U:\whs. 

i ' a uuivs ! N „ * v is tn ^ ., v > o.. v 

t ^ s \ m s 4j v v v , Ov . v n 

. „ « i * s \0s Sv. 
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x \^ 

V iO > ' V v ^ i I U \ AiSv 

result Is that eve - sea d s c electrode epresentod b;> es 8. is 4 ded b 
H witli an esse - - ! cknexs d of tin 4 4 s 

OUiA.'lX o! „ 5 ^ , * v< ^ i 5 >t. t » tk. 

e eeJ ode ^ t essentially consvavjt la; s lc 

eleotrode 5. 

Figure 5 <U. a top • of another eveniphg, esrfbodsmem tor a sirudured 

i I iou r - ion 'v ~v v t i 

square grid. 

SS fuv the ouio! dakorie ^ <p'u ( m lie b\ r v.<w oso ; ee g^ > o li is 

i ^ 1 s. sd t ^ ,^ 

*> t n ' i. ' _ . u ! <» 

uiditi rrocess p; i i glass f; rrnediate lay*. 

0 lyiog between the outer electrode 5 arid die edge of the base body L which intermediate 
layer 9 is eauogsYo • v area otbhe oueniai electrodes 3. When ooosidcriog the 
■> o 1 ^, v. - K V! . i i U .'led H. ^ X v ! P^ ,i ,\o l 

>,n-» > v v. o sv \ v. a v v. >g>.oc e 

\ - V V. - ! * ) v v i v'vk vU^ 

; id i $c miens c date luysr 9. 

-12- 



J \ppi No 10 505,185 

b „ „ 0 s < \ ^ > , v I l t- > ' \v 5 \0 K >« > I v. 1)'^ «■>{ 

^\ u S) ' » - , , " 1 . < ' 

t v 1 expansion coefficient of i 9 x 10* > >k providing the indentations 6 results i 
the s A of perlnnuina the soldering of the contact elements 1 2 at a v o > 
\i -t s\! ^ r o 1 s^oos 

For the glass in! h is possible, for example, to use a combination that contains lead 
oxide, silicon oxide boricoxi.de me x>ssib \l <. tponems 

o : o, » vti.; c\.u\pk ti so to capacitors. 

-Oiagp^gpjcf e 
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